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SATE ,REPORT NO.

Report No. 8926-126

Material - Aluminum - 2024-T4 Extrusion&

Effect of Stretching on Mechanical and Fatigue
Properties

Abstract:

A large extruded Tee-section made from 2024 aluminum alloy was subjected
to fifteen variations in degree of stretch, solution heat treatment and
natural aging sequences. The various processing sequences approximated
various manufacturing steps, and the mechanical and fatigue profrerties
resulting therefrom were desired for comparison with minimum design
allowable strengths already established for unstretched extrusions. In
all cases the processed extrusion mechanical and fatigue properties
exceeded design minima for unstretched extrusions. In general the
strengths were higher than established minima, and the elongations
approached minimum values.

Reference: Haney, R. J., Lindeneau,G. D., Wise, W. E., "2024 Extrusions
#E-801903 - Effects of Stretching on Tensile Yield, Ultimate
& Elongation - Compression Yield - Fatigue Properties -
Thickness," General Dynamics/Convair MP 57-997, San Diego,
California, 25 June 1958 (Reference attached).
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INTRODUCTION:

Many 2024 extruded sections used in the Model 22 are stretch-formed
to obtain the desired contours. Stretch forming causes a reduction in
thickness of the part being formed and can produce a substantial change
in some mechanical properties, depending on the temper at the time of
forming. It is necessary, therefore, to establish a permissible range
of stretching, and a temper condition which will produce maxinum
strength, minimum reduction in thickness, and yet be compatible with
production requirements.

To compare . the strengths and reduction in thickness produced by
stretching a 2024 extrusion various amounts when in different temper
conditions.

The extruded section used for this evaluation is identified by
Convair Drawing No. 9 801903, and is shown in Figure 1. The extrusion
was produced by the Harvey Aluminum Company in the 2024 alloy and de-
livered to Convair in the "o" condition (2024-0).

The material for this test was cut into sections each six feet long.
These lengths were then processed using production facilities and speci-
fications to give test coupon material for the following nominal condi-
tions:

1. No Stretch-Solution Heat Treat
2. Stretch 3% - Solution Heat Treat
3. Stretch 6% - Solution Heat Treat
4. Stretch 10% - Solution Heat Treat
5. Stretch 6% - Solution Heat Treat Stretch 2% in W Condition (after quench)
6. Stretch 6% - Solution Heat Treat Stretch 3% in W Condition (after quench)
7. Stretch 6% - Solution Heat Treat Stretch 4% in W Condition (after quench)
8. Stretch 6% - Solution Heat Treat Stretch 6% in W Condition ( 3 days )
9. Stretch 6% - Solution Heat Treat Stretch 8% in W Condition (after quench)
10, Stretch 6% - Solution Heat Treat Stretch 10% in W Condition (3 days)
11. Stretch 6% - Solution Heat Treat Stretch i% after room temperature age.
12. Stretch 6% - Solution Heat Treat - Stretch 6% after room temperature age.
13. Solution Heat Treat - Stretch 0% in W Condition (after quench)
14. Solution Heat Treat - Stretch 3% in 'd Condition (after quench)
15. Solution Heat Treat - Stretch 6% in W Condition (after quench)
16. Solution Heat Treat - Stretch 10% in W Condition (after quench)

In these cases where the required stretch was 8% or greater, the extrusion
web was separated from the flanges for stretching. This was done because the
load required for the full cross section exceeded the capacity of the machine.
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TEST SEIMEI•N: (Continued)

The following types of test coupons were machined from each of the
processed extrusions, and are shown in the indicated figures:

1. Standard longitudinal tensile - Figure 2.
2. Sub siue longtransverse tensile - Figure 3.
3. Compression Specimen - Figure 4.
4. Unnotched axial fatigue specimen - Figure 5.
5. Unnotched bending fatigue specimen - Figure 6.

The compression, axial fatigue and bending fatigue specimens were also
obtained fron both the longitudinal and transverse grain directions. In
all cases the material wps naturally aged for at least four days pricr
to testing.

Some specimens were taken from the vertical leg of the extrusion.
These are identified as "web" specimens, the others as "fl-•nge" specimens.

TEST LOADS AND) PROCEDUREE:

Tension and compression tests were performed in a Tinius-Olser Electro-
Matic Universal testing machine using the automatic strain rate controller
to give .005 in./in./miimte strain rate to yield, and ,2 inch/minute
orosshead speed from yield to ultimate. Percent elongation was measured
over a 2 inch gage length.

Fatigue tests were performed in a Sonntag SF-lU fatigue machine as
shown in Figures 7 and 8. The axial fatigue specimens were tested at
four or more stress levels to produce an S-N diagram for each of the test
conditions. The stress ratio for the axial fatigue tests was +.C5.
The bending fatigue specimens were all tested at 1 35,000 PST, a stress
ratio of -1.0.

Thickness measurements were taken at six locations on each leg of the
extrusions prior to stretching and after each stretch operation, to
provide change in thickness data.

RESULTS AND DISCUSSION OF RESULTS:

The tension and compression test results are given in Tables I and II.
Tensile properties are plotted in Figure 14.

• c w U , k
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RESULTS AND DISCUSSION OF RESULTS:(Continued)

The axial fatigue test results are given in Tables III to X. and are
plotted in Figure 9 and 10 as envelope type S-N diagrams. In Figures

.11 and 12, the axial fatigue results are plotted against the stretching
and temper conditions for each of the test stress levels. In this type
of data presentation, trends are indicated by the slope of the average
result curve. If the curve slopes to the right, it indicates relative
improvement in fatigue life as a result of the processing. 1k vertical
line indicates no change in fatigue life, and a slope to the left
represents a loss in life. A trend is significant only if observed at
each stress level. Quantative evaluation of results is obtained by
comparing the life of the point in question with the life plotted on
the abscissa for heat treated but unstretched material.

The reversed bending fatigue results are given in Tables XI to XVIII
and are plotted in Figure 13.

The change in material thickness resulting from stretching is given
in Table XIX.

CONCLUSIONS:

In all cases the extrusion properties equalled or exceeded the re-
quirements for 2024-T42 material given in ANC-5. In general, the ultimate
strengths were considerably higher than 2024-T42 minimums, and elongation
values were close to 2024-T42 minimums.

It is important to note that the extrusion used for this evaluation
,can not be stretched 8% in the fall cross section, because the load re-
quired exceeds the capacity of the stretching machine.

NOTEl The test Data from which this report was prepared are recorded in
Structures Test Laboratory Data Book No. 389, Pages 62 to 89.

•Oc,*. ll -
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Figure 7 AXIAL FATIGUE TEST SET-UP
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Figure A BENDING FATIGUE TEST SE - UP
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